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(54) ENCAPSULATION PROCESS 
(71) We, Balchem Corporation, a 
body corporate organized under the laws of 
the State of Maryland, United States of 
America, of Slate Hill, New York, United 
States of America, do hereby declare ihe in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which ii 
is to be performed, to be particularly de- 
scribed in and by the following statement: — 
The present invention relates to an encap- 
sulation process. More particularly, the pre- 
sent invention is directed to an improved pro- 
cess for encapsu1ating_actiye_jnatennk in 
which lower molecular polyglyco!s~are~em- 
ployed to desolvcntize the capsule composi- 
tion and the capsules m ay be formed by a 

sgrayjngjDperatlom — 

The wo"rd""eTKap^ujatign" as used in this 
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specification means the formation of a mix- 
tuiSjc^aruactive^material arid'a matrix com- 
position fcikTwedby Jiyision of Ihe rmxTure 
m to^scxeterajits (hejgjn referred" to~aTcap- 
sjules) each of which comprises "the" active 
material in a matrix of the matrix composi- 
tion. 

In most microencapsulation processes, 
one or more materials to be encapsulated, 
referred to herein as the "active materials"! 
are dispersed in an encapsulating composi- 
tion, referred to herein as the "matrix com- 
position". The active material may be finely 
divided solids, granular solids, liquids, or, in 
exceptional cases, gases. 

. The matrix composition is either a sm^e 
material or a combination of materials which 
is capable of forming a continuous phase. 
Tne active material generally is in the form 
of a discontinuous or dispersed phase. In 
some cases, the active material may be dis- 
solved in the matrix composition without 
forming a distinct phase within the matrix 
composition. 

While it is sometimes possible, or even pre- 
ferable, to employ the matrix composition in 
a molten state, free of solvents, in most cases 
the matrix composition is dissolved in a vol- 
atile or extractable solvent. 

_A capsule composition is prepared by dis- 



persing the active material anrl i h» matr j x 
c 25£iJsuisn_m^oiyent for -the 'maWc^T 
position. The ca psule composition is for mer! 
i ° t °,?-£?S2s?i^lIi 3 ispersion onufficlent 
stabihtyTo resist stratification~during thTsuS- 
sequenf steps of capsule formation. The cap- 
suJe_Jormation__stejDS comprise, broaofy 
tpiming.^e^ajp,suIe2amposition into par- 
soFent re — -^-^^atc^p^tjbn 

"^~ Ehe formati on of capsules , the .capsule 
com.posiUaijs^gM^ 

up-to r foim,microparticler'^Each _ mi6ro- 
particle contains a proportionate quantity of 
the actiyejiiaterml as_a dispersed phase in 
the malax c.omp^i^onMKtfon7 In ordwto 
t ?i^^§ghd_capsuje, the sojyent of themaV 
rrx coraposjUon^must ^be.^.subltantiallF re- 
moved. Obviously, it is desirable to remove 
tne matrix composition solvent with only 
minimal losses of the active material. 

In the past, the mechanical breaking up 
ot the capsule base in the removal of solvent 
irom the matrix composition has been ac- 
complished by spray drying. In spray dram; 
the capsule composition is sprayedTnto"a 
large volume of air or inert gas at a tem- 
perature which is sufficiently high to remove 
the volatile solvent from the particles by 
evaporation. It is apparent that in the spray 
drying process the particles of the capsule 
composition are exposed to elevated tem- 
peratures. Furthermore, unless an inert <»as 
is used, the capsules, are in contact with lar«e 

amounts -of .oxygen. " 

The e!eyated_temperatures used in spray 
drying operations feMno-vcJatilizeairdf part 
ot the r most>olatile-compdnents76fllie active 
material. This is a" particularly serious prob- 
lem when the active material comprises very 
volatile materials such as flavoring oils. The 
elevated temperatures of the spray dryin«- 
process also tend to degrade any heat sen° 
sitive active materials. If the capsule com- 
position as sprayed into air, there is the dan- 
ger of oxidizing any oxidation prone mater- 
ials. 

With respect to compositions containing 
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flammable or explosive solvents, spray dry- 
ing is hazardous, this necessitating the use 
of nonflammable solvents in the capsule com- 
position or an inert gas spray drying medium. 
5 Either of these expedients cause substantial 
increase in the cost of the operation, without 
necessarily overcoming the disadvantages in- 
herent in the spray drying process. 
Another disadvantage of spray drying is 

10 that matrix compositions which melt or be- 
come tacky at the temperature of the spray 
drying operation frequently fuse into one 
solid mass or stick to the inner surfaces of 
the spray dryer and thus become useless. 

15 Mauy of the disadvantages of the spray 
drying technique can be overcome by using 
a process in which the spJhg!U,ofjhe .matrix 
composition is_remo\gdlHlth..an anhydrous 
alcohol" '"A" capsule composition, in which 

20 water is the solvent of the matrix composi- 
tion, may be broken down mechanically into 
discrete particles by dispersing it with mod- 
erate agitation in a suitable liquid. The liquid 
should be one in which the matrix composi- 

25 tion is insoluble and which is capable of 
keeping the particles of the capsule compo- 
sition from coagulating or coalescing during 
the subsequent dehydration step. Examples 
of suitable liquids include mineral oil or veg- 

30 etable oil. The oil medium may contain an 
alcohol, such as ethanol, isopropanol, or pro- 
panol. to provide partial dehydration simul- 
taneously with capsule formation. Dehydra- 
' tion is completed by a subsequent treatment 

35 with an anhydrous alcohol. 

Tins process gives . satisfactory results in 
the encapsulation of the active materials 
which are insoluble, or only moderately sol- 
uble, in alcohol. However, the alcohol, with 

40 its low molecular weight, is capable of pene- 
trating many suitable matrix compositions. 
The alcohol will then frequently extract, dur- 
ing the dehydration step, a substantial por- 
tion of the active material. Active material 

45 losses in this manner can easily exceed ac- 
ceptable limits. Furthermore, the dehydrat- 
ing alcohol leaves a residual solvent odour 
in or upon some of the capsule materials. 
This odour is difficult to remove from the 

50 capsules without substantial loss of. active 
materials. The residual solvent odour of 
materials such as denatured alcohol or iso- 
propanol is, of course, particularly objec- 
tionable with respect to encapsulated flav- 

55 ours, aromas, and fragrances. 

The present invention provides a process 
for encapsulating an acj^e^.,m.ateriaI"ln!La 
matrixT6mp"^i^(aslierembefore denned) 
comprising:" 

60 (A) f orming a caps ulecbmposition by 
dispersiii gjthe a ctive ma!er^a,nd_^ejniat- 
rixt£^p.Qsition_]n„a^olyiBnt for the matrix 
composition; 

(B) forming the capsule composition into 



disc rete liquid _DarIigles each containing the 65 
active marefiaTas a dispersed phase in a 
solution of the matrix composition; and 

(C) re moving, the solv ent from the dis- 
crete pafTicleTthus formed by contacting the 
particles with a polyglycol having an aver- 70 
age molecular weight of 106 to approxima- 
tely 2000, whereby die said particles are 
transformed into solid capsules. 

In one form of the process according to 
the invention, a s praying ope ration is used 75 
to form-discrete li guid paj jclesTTnThis fdrnr 
of the inventionTa capsuIeTcomposition is 
formed by dispersing an active material and 
a matrix composition irt~~a"~solven t tor the 
matrix composition, the capsule~composition 80 
is formed into particles containing the ac- 
tive materials as a dispersed phase in a solu- 
tion of the matrix composition by sprayjng 
the capsule coniposh^ii_th^ojigh_a_^Semis 
medlIunrlmT~soHa capsuies are formed by 85 
collecting die capsule composition particles 
. in the polyglycol whereby the' polyglycol ac ts 
to _ desolventize the capsule ^composTTto n 
particles. 

"The active materials which may be en- 90 
capsubted by the process of the present in- 
vention may be either liquid or solid mater- 
ials and may be eidier soluble or insoluble in 
the matrix composition, or the matrix com- f 
position solvent. The active materials may be 95 
food flavours, aromas, fragrances, agricultu- j 
ral chemicals such as insecticides, herbicides, \ 
and fertilizers, medicinal compounds, such 1 
as vitamins aiid drugs. Specific examples of ) 
suitable active materials include lemon oil, 100 
orange oil, pineapple aroma, citric acid, caf- /' 
feine, ammonium ascorbate, calcium oxide, ; 
etc. 

The matrix composition must be a mater- 
ial which is soluble in either water or organic 105 
solvents, and is capable of forming a sub- 
stantially air-impervious film or coating 
when desolventized. It may be, but is not 
necessarily, gellable. Suitable water soluble 
or water dispersible shell materials include 110 
hydrophilic polymers such as natural gums 
(e.g., gum acacia, locust bean gum, gum tra- 
gacanth), starches or modified starches (e.g., . 
starch ethers and esters, dextrins, enzyme- 
treated starches), water-soluble cellulose 115 
compounds (e.g., alkali cellulose, cellulose 
ethers and esters), proteins (e.g. casein, gel- 
atin, soy protein, gluten, egg and blood al- 
bumin and their various modifications and 
alkali metal derivatives), sugars (e.g. sucrose, 120 
glucose, lactose, sorbitol, mannitol), and the 
various synthetic materials (e.g., polyvinyl 
alcohol, polyvinyl pyrrolidone, carboxylated 
styrene, styrene-maleic acid condensates). 

Suitable organic solvent soluble matrix 125 
compositions Include cellulose and starch 
esters and ethers, epoxy resins, polyvinyl 
resins, alkyd resins, phenol-formaldehyde 
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resins, shellac, dammar resin, asphalt and 
gilsonite. 

The first step in the encapsulation p rocess 
°i the "present invention is the prep^alibn 
of ,Jhe^atriy_.,fflniposkion. This generally 
involves dissolving thTmatrix composition 
in a suitable solvent, for example dissolving 
acacia gum in water or an asphalt in carbon 
tetrachloride. If the active material is soluble 
in the shell material solvent, the active ma- 
terial may be dissolved in solvent prior to 
dissolution of the matrix composition. 
_ In preparing the matrix composition solu- 
tion, it is preferred to use the minimum prac- 
tical amount of solvent. Sufficient solvent 
should be used so that the resultant matrix 
composition solution has a viscosity no 
higher than is practicable to handle with 
available equipment. It may be necessary to 
employ solvent concentrations as high as 
90% by v/eight of the matrix composition 
solution with high viscosity matrix composi- 
tions, while concentrations as low as 20% by 
weight are suitable with very low viscosity 
matrix compositions. For example, a matrix 
composition solution -of 10% by weight- of 
high viscosity methyl cellulose dissolved in 
90% by weight water is suitable, as is a mat- 
rix composition solution of 80% by v/eight 
sorbitol and 20% by weight water. 

After the matrix composition solution has 
been prepared, or during the preparation of 
the solution, antioxidants, preservatives, sur- 
factants, plasticizers, or other modifiers may 
be added, if desired. The modifiers are mixed 
with the matrix composition solution until a 
homogeneous composition is obtained. 

The next ste p generally is the preparation 
°f the acte g material J or enrapJ^KolTtas^' 
suming, of course, that™the active material 
was not previously dissolved in the shell 
material solvent). With most active mater- 
ials, such as most liquid active materials, no 
preparatory treatment is needed. With solid 
materials it may be first necessary to treat 
them to obtain particles of the desired size. 
In some instances it is also desirable to pre- 
coat the solid materials prior to encapsula- 
tion. If the active material is a mixture of 
more than one compound, it is necessary to 
first mix the various ingredients. 

. The.capsule composition is formed by dis- 
persing, t he active material and the matrix " 
c omposition J n the matrix co m position sol- 
vent. Usually, the active materiafis dispersed 
in a solution of matrix composition. How- 
ever, in some instances, such as when the 
active material is soluble in the solvent, the 
active material may be added to the solvent 
first, or the active material and the matrix 
composition may be added simultaneously. 
The dispersion of the active material may be 
accomplished by any suitable means such as 
by a closed turbine high shear mixer or by 
a pressure homogenizer. The term "disper- 
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sion," as used herein, refers to either a 
solution or a homogeneous mixture of dis- 
crete particles distributed throughout the 
solvent. 

The concentration of the active ingredi- 
ents used in the capsules is governed by the 
performance requirements of the capsules. 
In general, for reasons of economy it is de- 
sirable to use the maximum amount of ac- 
tive material in the capsule which will meet 
performance requirements. In some cases, to 
meet certain dosage requirements, the 
amount of active material incorporated into 
the capsule may be 1% or less by weight of 
the capsule. To control taste characteristics, 
it may be necessary to employ less active 
material than could otherwise be employed. 
In other instances, taste characteristics may 
be controlled by coating the capsules with 
one or two percent by weight of aluminum 
stearate. 

The fluid or paste-like ca psule composi- 
tion is introflncea into an ^hyd^^*°poly- 
' glycol- under -conditionT'wliich~pt6vme' ; f or a 
breakup r 'of^the^^sul(S"''H)®p6siti5h into 
small discTete'liquid par8clH"TESs(B plftioles 
areprefefaBly'kept In* constant motion for a 
sufficient length of time for the solvent to be 
extracted from the particles by the polyglycol 
and to harden or set the particles into cap- 
sules. The breakup of the capsule composi- 
tion into discrete liquid particles may be ac- 
complished by numerous methods, such as 
rapid agitation with a turbine mixer. 

The fluid or paste-like capsule composi- 100 
tion can be introduced into an anhydrous 
polyglycol in the form of small discrete liquid 
particles obtained by spraying the capsule . 
composition into a gaseous medium. Spray- 
ing can be accomplished using any suitable 105 
equipment, such as pressure spray equipment 
An adequate spray may be achieved merely 
by passing the capsule composition through a 
conventional shower head. For ease of opera- 
tion and economy, air is the preferred gase- 
ous medium. Inert gases, such as nitrogen, 
helium, etc. can also be used, as can special 
atmospheres of various types. 

After spraying, the resultant particles are 
collected in a polyglycol. Once the particles 115 
are collected in the polglycol they are prefer- 
ably kept in constant motion for a sufficient 
length of time for the solvent to be extrac- 
ted from the particles by the polyglycol and 
to harden to set the particles into capsules. 

The desolventized solid capsules may be 
separated from the polyglycol by filtering or 
centrifuging. 

The amount of polyglycol used to desol- 
ventize the capsule composition can be 125 
varied over a relatively large range. The 
amount of polyglycol employed is somewhat 
dependent upon the amount of solvent to 
be extracted and the volume of the capsule 
composition. It is necessary to employ a 130 
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sufficient amount of polyglycol to (1) assure 
extraction of the solvent within a reasonable 
period of time, and (2) allow free movement 
of the capsule composition at all stages of 

■ 5 solvent extraction. These conditions are gen- 
erally adequately satisfied if ratios by weight 
of capsule composition to polyglycol of be- 
tween 1:5 and 1:30 are employed. Prefer- 
ably a ratio of ten parts by weight polyglycol 

10 to one part by weight capsule composition is 
employed in the solvent extraction step. 

The water or organic solvent extraction of 
the capsules may be carried out at any tem- 
perature between the freezing point and the 

15 boiling point of the polyglycol employed. 
When encapsulating volatile materials or ma- 
terials which are degraded or decomposed 
at elevated temperatures, the capsule com- 
position is prepared at as low a temperature 

20 as is feasible and the polyglycol is em- 
ployed at a temperature at or just above its 
freezing point. If the active material is not 
heat-sensitive, then the desolventizing of the 
capsule may be carried out at higher tem- 

25 peratures. Those skilled in the art may readily 
determine the ootimum temperature of oper- 
ation consistent with the properties of the 
active material and the polyglycol. 

If desired, the desolventizing operation 

30 may be carried out under vacuum or while 
passing air or other gases through the poly- 
glvcol-capsule composition mixture to sweep 
solvents from the polyglycol. 
Polyglycols suitable for use wnli the pre- 

35 sent 'invention have average molecular 
weis hts in the ransre of 105 to approximate! v 
2,000. Polyglycols within the upper end oi 
this molecular weight range are not desir- 
able for desolventizing aqueous capsule com- 

40 positions (dehydrating) but are suitable tor 
desolventizing capsule compositions m which 
an oraanic solvent is employed. Preferred 
desolventizing materials are polyglycols bav- 
in 1 * averaae molecular weights within the 

45 ranee of 190 to 785. Particularly preferred 
are polyethylene glycols with the generalized 
formula HOCH 2 fCH 2 OCH 2 )»CH ; OK (in 
which "n" represents the average number 
of oxvethylene groups) having average mo.e- 

50 cular weights ranging from 190 to 630 (avail- 
other polyglycols such as polypropylene poly- 
eWleneglycols; the word "CARBOWAX 
is a Registered Trade Mark). Also preferred 
are methoxy polyethylene glycol having 

55 molecular weights in the range > of 335 i to 785 
(available commercially as CARBOWAA 
methoxv polvethylene glycols). A variety of 
other polyglycols such as polypropylene, 
polybutylene. and polystyrene glycols and 

60 their combinations, may also be employed. 
Polyglycols in the average molecular 
weight ranges of 106 to approximately 2,000 
are"viscous, hygroscopic liquids compatible 
with a large number of organic solvents 

65 which are useful in the preparation of matrix 



composition solutions. The viscosity of the 
polyglycols, combined with their physical 
structure and lubricity, makes possible the 
formation of dispersed slurries in which the 
capsules will not coalesce while the poly- 
glycols dehydrate or desolventize the capsule 
particles. 

An outstanding property of poyglycois is 
that they are incompatible with, or at least 
they are not solvents for, many of the ma- 
terials commonly used for encapsulating 
compositions. Furthermore, the compara- 
tively large glycol molecules do not penetrate 
beyond the surface of most of the capsules 
and therefore the major portion of the active 
material contained in the capsule composi- 
tion remains within the confines of the cap- 
sule, protected by the matrix, while the low 
molecular weight' solvents are extracted from 
matrix composition. The matrix composition, 
acting as a semi-permeable membrane, allows 
the low molecular weight solvents to diffuse 
through it, while the larger molecules of 
the active material are retained. 

After recovery of the desolventized cap- 
sules from the polyglycol, the polyglycol 
adhering to the capsules may be removed 
by washing with a suitable material, such 
as a suitable organic solvent or with water 
if the matrix composition is water-insolubie. 

In some cases, such as in the encapsulation 
of additives for imparting flavour or aroma 
to food, it may be advantageous to allow 
a film of polyglycol to remain on the capsule. 
The film acts as a barrier to oxygen penetra- 
tion. Since properly prepared polyglycols are 
odour-free and non-toxic, they are considered 
to be suitable for use with food and food 
additives. . . 

The polvglycol used in the desolventizing 105 
of the capsules may contain various addi- 
tives. These additives may be designed to 
protect the capsules or the active materials 
within the capsules or to obtain special effects 
more conveniently or more effectively than 110 
can be obtained "bv incorporating the ma- 
terials into the capsules. Examples of various 
materials which may be added to the poly- 
glycol include antioxidants, fungicides, bac- 
tericides, dyes and pigments. 

Materials such as colloidal silica, starch, 
talc, and other absorbent or lubricating ma- 
terials may also be applied to the surface 
of the capsule in order to achieve a drier 
and more free-flowing surface. 

The desolventizing operation can be accel- 
erated by first dispersing, as by spraying, the 
capsule composition in a viscous white 
mineral oil in which the capsule composition 
forms discrete particles. The mineral oil- 125 
capsule composition mixture is admixed with 
an anhydrous polyglycol containing a suffi- 
cient quantity of a "mutual solvent for the 
mineral oil and the polyglycol to render the 
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mineral oil and the polyglycol at least parti- 
ally compatibe. 

The following examples are given to fur- 
ther illustrate the invention; they are merely 
5 illustrative and are in no way limiting. 

EXAMPLE 1 
(Preparation of lemon oil capsules) 

A. Preparation, of the Shell Composition 
and Solution 

10 Five hundred grams of water were heated 
to boil and 500 grams dextrin (National 
Starch and Chemical Corporation, 78—1523) 
was added with rapid and efficient mixing, 
using a closed turbine, high shear mixer 

15 (Barrington CONVERT! JET Model CJ— 
SB). Mixing was continued until a homo- 
geneous solution was obtained. 

B. Preparation of Lemon Oil Capsule 
Composition 

20 Eighty-one grams of lemon oil (California 
cold pressed oil) was emulsified in 300 erams 
of the shell composition solution (A) by 
means of a homogenizing mixer (Barrinsrton 
CONVERT! JET Model CJ— SB operated 

25 as a closed turbine unit). At the start of the 
operation the temperature of the matrix com- 
position solution was 20° C and of the lemon 
oil 15°C. The mixing vessel was cooled dur- 
ing the operation of the mixer in order to 

30 prevent a rise in the temperature and to 
keep the temperature below 25 °C. 

C. Capsule Formation and Dehydration 
One thousand grams of polyethylene glycol 

having an average molecular weight of 400 

35 (Union Carbide Corporation, Carbowax 400) 
and at a temperature of about 25°C was 
placed in a vessel equipped with a homogen- 
izing mixer (Barrington CONVERTI JET 
Model CJ— 5B operated as an open turbine 

40 unit). One hundred grams of the lemon oil 
capsule composition (B) was introduced into 
the polyethylene glycol in a thin stream with 
steady medium speed operation of the mixer 
(about 1,500 rpm shaft speed). By the action 

45 of the mixer, the lemon oil emulsion was 
broken up into coarse liquid particles, which, 
in contact with the polyethylene glycol, were 
rapidly converted into gel particles and fin- 
aHly into virtually anhydrous capsule gran- 

50 ulesr 

The capsule granules were separated from 
the excess polyethylene glycol by means of 
a basket centrifuge. 

The dry capsules contained 25% by weight 
55 lemon oil and about 20% by weight poly- 
ethylene glycol adsorbed on the surface. The 
capsules dissolved rapidly in cold water and 
had the natural fresh flavor of the original 
lemon oil. The capsules retained their fresh 
60 flavor even after extended storage in the 
presence of air. 

The lemon oil retained in the capsules 



was found to be about 90% by weight of 
the total oil used. In calculating the oil re- 
tained and the oil content of the capsules, 65 
the adhering polyethylene glycol was con- 
sidered as part of the capsule weight 

EXAMPLE 2 
The procedure of Example 1 was followed 
except that the capsules, after dehydration 70 
with polyethylene glycol, were washed in the 
centrifuge with anhydrous ethanol to remove 
the polyethylene glycol adhering to the cap- 
sules. 

The properties of the capsules obtained 75 
were very similar to those obtained in Ex- 
ample 1. The oil content of the capsules was 
31.5% by weight corresponding with an oil 
recovery of 90% of that used. 

EXAMPLE 3 80 
The procedure of Example 1 was repeated 
except that during Step B (Preparation of 
Lemon Oil Capsule Composition), the lemon 
oil content of the emulsion was increased to 
a ratio of 45% by weight lemon oil to 55% 85 
by weight shell composition (solids). The re- 
sultant capsules were very similar to those 
of the capsules of Example 1 but exhibited 
an increase in the oil content. The oil re- 
covered was about 85% by weight of that 90 
used. 

EXAMPLE 4 
Example 1 was repeated, except that the 
polyethylene glycol employed was replaced 
with one having an average molecular weight 95 
of 600 (Union Carbide Corp., Carbowax 
600). The capsules obtained and the yields 
were virtually identical with those of Ex- 
ample 1. 

EXAMPLE 5 100 
(Preparation of Lemon Oil Capsules) 
A. Preparation of the Matrix Composition 
Solution 

The matrix composition was prepared by 
mixing 40 grams sodium caseinate (Sheffield 105 
Chemical Company, Sheftene). 400 grams of 
dextrin (Corn Products Co., Mor-Rex P-932 
"hvdrolyzed cereal solids") and 90 grams 
sorbitol into 470 grams of distilled water 
u i™S..a closed-turbine mixer. Mixing was 110 
continued until a homogeneous solution was 
obtained. The pH of the resultant com- 
position was 7.8. 

Steps B and C of Example 1 were repeated, 
using the matrix composition solution of this 115 
example. The properties of the capsules ob- 
tained were substantially the same as those 
of Example 1 with the exception that the 
capsules of this example were not com- 
pletely soluble in aqueous citric acid. 120 

EXAMPLE 6 
Example 5 was repeated except that the 



6 



1,318,799 



6 



sorbitol was replaced by a corresponding 
increase in dextrin. 

Capsules obtained had properties very 
similar to those of Example 5, but exhibited 
5 less of a tendency to stick together when 
exposed to an atmosphere of high moisture 
content. 

EXAMPLE 7 
(Preparation of orange oil capsules) 
10 Example 1 was repeated except that the 
lemon oil was replaced by cold pressed 
orange oil. The capsules obtained had pro- 
■ perties essentially the same as '.he corres- 
ponding lemon oil capsules. 

15 EXAMPLE 8 

(Pineapple Aroma Capsules) 

A. Preparation of the Capsule Composition 
This example illustrates the use of the 

process of the present invention with an 
20 active material which is soluble in the mat- 
rix composition solvent. Four hundred grams 
of dextrin (Corn Products Co., Mor-Rex P- 
932) was dissolved in a 1% by weight 
aqueous pineapple aroma solution at a tem- 
25 perature of 23 °C. The mixture was rapidly 
mixed, using a closed-turbine mixer. 

B. Capsule Formation and Dehydration 
One thousand grams of polyethylene glycol 

(Union Carbide Corp., Carbowax 600) was 

30 ' placed in a vessel equipped with a variable- 
speed open-turbine mixer. One hundred 
grams of the pineapple aroma capsule com- 
position (A) was introduced into the poly- 
ethylene glycol in a thin stream with steady 

35 medium speed operation of the mixer. By 
action of the mixer the capsule composition 
was broken up into coarse liquid particles 
which, in contact with the polyethylene gly- 
col, were rapidly converted into gel par- 

40 tides and finally into virtually anhydrous 
capsule granules. 

The capsule granules were separated from 
the polyethylene glycol by means of a basket 
centrifuge and the resultant capsules were 

45 washed with . anhydrous ethanol to remove 
polyethylene glycol adhering to the capsules. 

EXAMPLE 9 
(Citric Acid Capsules) 
With rapid mixing, 25 grams of citric acid 

50 was added to 100 grams of the matrix com- 
position solution (A) of Example 1. Mixing 
was continued until a homogeneous 
solution was obtained. This solution was 
then added to 1,000 grams of anhydrous 

55 polyethylene glycol (Union Carbide Corp., 
Carbowax 600) with rapid mixing, using an 
open-turbine mixer. The mixing was con- 
tinued for about 30 minutes until the de- 
hydration of the capsules was completed. 

60 The dehydrated capsules were separated 
from the polyglycol by centrifuging. 



The dehydrated capsules had a strong citric 
acid taste, were rapidly soluble in water, 
and were less hygroscopic than the un- 
encapsulated citric acid. 65 

EXAMPLE 10 
(Lemon Oil Capsules) 

A. Preparation of the Matrix Composition 
Solution 

One hundred grams of sodium casemate 70 
was dispersed in 500 grams of distilled water 
at room temperature (20 C Q using a high- 
shear turbine mixer. The temperature of the 
solution was then raised to about 90 °C with 
the mixing vessel in a water bath. With con- 75 
stant mixing, 398 grams of dextrin was added,' 
followed by 2 grams of stearic acid. Mixing 
was continued until a homogeneous solution 
was obtained. The material was then cooled 
to 25°C. The pH of this capsule composi- 80 
tion solution was 8.5. 

B. Preparation of Lemon Oil Capsule 
Composition 

Step B of Example 1 was repeated using 
the matrix composition solution (A) of tins 85 
example* 

C. Capsule Formation and Dehydration 
One thousand grams of polyethylene glycol 

(Carbowax 400) containing 1% by weight 
citric acid dissolved therein was placed in 90 
a vessel equipped with a variable-speed, 
open-turbine mixer. One hundred grams of 
the lemon oil capsule composition (B) was 
introduced into the polyethylene glycol in 
a thin stream with steady medium speed 95 
operation of the mixer. By the action of 
the mixing, the lemon oil emulsion was 
broken uo into coarse liquid particles which, 
in contact with polyethylene glycol, were 
converted into virtually anhydrous capsule 100 
granules. The citric acid functioned to neu- 
tralize the sodium caseinate in the surface 
layers of the capsules and thereby reduced 
the water solubility of the capsules. 

After recovery of the capsule granules 105 
from the polyglycol by means of a basket 
centrifuge, the capsules were found to be 
largely insoluble in cold water. When incor- 
porated into a cake mix, the capsules re- 
leased, the lemon oil only slowly during 110 
baking. 

It was found that even a slower release 
of the flavor oil could be obtained when 2 to 
3% by weight of acetaldehyde was added 
to the flavoring oil in step" B before the 115 
emulsion was formed. 

EXAMPLE 11 
(Caffeine Capsules) 
A Preparation of the Capsule Composition 

Fifty erams of caffein (U.S.P. grade) were 120 
dispersed in 300 grams of distilled water at 
ambient temperature. With constant mixing 
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using a closed-turbine mixer 100 grains of 
caseine were added gradually. The tem- 
perature of the mixture was raised on a water 
bath to 95 "C and one gram of ammonia {in 
5 the form of a 30% ammonium hydroxide 
solution) was aded. Mixing was continued 
until a homogeneous product was obtained. 

B. Capsule Formation and Dehydration 
With rapid mixing, 100 grams of the cap- 

10 sule composition (A) at a temperature of 
85 °C was introduced into 1,000 grams of 
polyethylene glycol (Carbowax 600) at a tem- 
perature of 23 °C. Mixing was continued for 
about 30 minutes to complete dehydration 

15 of the capsules formed. The capsules were 
recovered by centrifuging. 

The dehydrated capsules had only a slight 
caffeine taste when held on the tongue. 

EXAMPLE 12 

20 (Caffeine Capsules) 

Example 11 was repeated, except that the 
capsule composition contained 64.5% by 
weight distilled water, 10.7% by weight caf- 
feine, 21.5% by weight caseine, 3.0% by 

25 weight stearic acid, and 0.3% ammonia. 
After dehydration, the capsules were washed 
in the centrifuge with a 2% by weight stearic 
acid solution in ethylene chloride until the 
polyethylene glycol was stripped from the 

30 surface of the capsules and replaced by a 
thin film of stearic acid. 

The resultant capsules had no distinguish- 
able taste in the mouth unless they were 
broken by chewing. 

35 EXAMPLE 13 

(Ascorbate Capsules) 
A. Preparation of the Matrix Composition 
Solution 

Two hundred grams of ammonium casein- 
40 ate were dispersed in 800 grams of distilled 
water at ambient temperature. The tem- 
perature of the dispersion was raised to 85°C 
to effect the solution of the ammonium case- 
inate. 

45 B - Pre P aration of Capsule Composition 
One hundred grams of the matrix com- 
position solution was heated to a tempera- 
ture of 55 °C and 2 grams of stearic acid 
were added. Ten grams of ascorbic acid 

50 (U.S.P. Grade) and 4 grams of ammonium 
hydroxide (in the form of a 30% solution) 
were pre-mixed and the resultant ammonium 
ascorbate containing solution was added to 
the warm stearic acid-matrix composition 

55 solution mixture. Mixing was continued until 
a homogeneous mixture was obtained. 

C. Capsule Formation and Dehydration 

While slowly agitating, 100 grams of the 
capsule composition of Step B, at a tem- 



perature of 30°C, was added to 500 grams of 60 
white mineral oil (Saybolt Universal Viscos- 
ity 340/365 at 37.8°C) having a temperature 
of 20°C. Agitation was continued until the 
capsule composition was broken up into 
small globules suspended in .the mineral oil. 65 

The mineral oil suspension of the capsule 
composition was added with rapid mixing 
to a mixture of 1,000 grams of polyethylene 
glycol (Carbowax 400) and 1,000 grams of 
carbon tetrachloride as a mutual solvent for 70 
the polyethylene glycol and the mineral oil. 
Mixing was continued until the capsules were 
dehydrated (about 45 minutes). 

The dehydrated capsules were separated 
from the liquids by centrifugal separation 75 
and washed in the centrifuge bowl with a 
2% by weight stearic acid solution in carbon 
tetrachloride. The washed capsules were 
stripped of the solvent in a nitrogen atmo- 
sphere at a reduced pressure. The capsules 80 
were then coated with a 20% by weight 
stearic acid in carbon tetrachloride solution 
and the carbon tetrachloride was evaporated 
in a nitrogen atmosphere. 

The spherical capsules obtained were 85 
found to protect the active material on stor- 
age. 

EXAMPLE 14 
(Calcium Oxide Capsules) 

A. Preparation of the Matrix Composition 90 
Solution 

With the constant mixing, at a temperature 
of about 50°C, 400 grams of gilsonite (Zieg- 
ler Chemical and Mineral Company, Zeco 
11 -A Selects) was dissolved in 600 grams of 95 
trichloroethylene. 

B. Preparation of Calcium Oxide 

Six grams of iron disterate (Witco Chemi- 
cal Corporation EC-8323) was dissolved in 

94 grams of trichlorethylene. One hundred 100 
grams of calcium oxide (about 100 mesh) 
was placed in a hand mortar and the iron 
distearate solution was added in increments. 
Under a current of warm air (to facilitate 
the evaporation of the trichlorethylene) the 105 
resultant mixture was constantly mixed and 
milled. When most of the solvent was evapor- 
ated and the mass became powdery, the 
powder was placed on metal foil in an 
oven at 100°C and kept at this temperature 110 
for 30 minutes. 

By surface-treating the calcium oxide with 
iron distearate, the surface tension between 
the matrix composition and the calcium oxide 
is reduced. 115 

C. Preparation of the Capsule Composition 
Three grams of iron distearate were dis- " 

solved in 735 grams of the matrix composi- 
tion solution (A). One hundred and seventy- 
eight grams of the treated calcium oxide (B) 120 
was pre-wet with 84 grams of trichlorethyl- 
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ene and then dispersed in the matrix com- 
position solution, using a high-speed closed- 
turbine mixer. The mixing raised the tem- 
perature of the materials to 60°C. 

5 D. Capsule Formation and Solvent 
Extraction 

Seven hundred grams of the capsule com- 
position (C), having a temperature of 50°C, 
was introduced in a thin stream into 3,500 

10 grams of polyethylene glycol (Carbowax 400) 
and rapidly mixed with an open turbine 
mixer. At the start of the mixing operation 
the temperature of the polyglycol was 20°C: 
at the completion of capsule formation it was 

1 5 26° C. Mixing was continued for two hours at 
reduced speed in order to extract the major 
part of the solvent from the capsule. 

Capsules were recovered from the poly- 
glycol and washed with ethyl alcohol to free 

20 them from adhering polyglycol. The resultant 
capsules had an estimated particle size in the 
range of about 40 to about 300 microns. 

The capsules were tested in water for the 
rate of release of the encapsulated calcium 

25 oxide. At temperatures up to boiling, only 
the calcium oxide from the surface layers 
of the capsules were released. In boiling 
water, the calcium oxide was released only 
at a very slow rate. 

30 EXAMPLE 15 

Example 1 is repeated except that at the 
start of the operation the temperature of the 
matrix composition solution was 25° and the 
lemon oil 15°C. The operation of the mixer 

35 caused an increase of the temperature to 40' 
by the time emulsifieation was completed. 
The capsules obtained were essentially the 
same as those of Example 1. 

EXAMPLE 16 

40 The procedure of Example 15 was fol- 
lowed except that during Step C (Capsule 
Formation and Dehydration), the lemon oil 
capsule composition (B) was sprayed into an 
air space above the polyethylene glycol. The 

45 sprayed particles were collected in the poly- 
ethylene glycol which was constantly agitated 
so that the sprayed particles could be incor- 
porated in the shortest possible time. 
The capsules obtained were smaller in 

50 particle size and more nearly spherical than - 
those obtained by the procedure of Example 
1. The properties of the capsules, in all other 
respects, were very similar to those of Ex- 
ample 15. 

55 EXAMPLE 17 

The procedure of Example 8 was followed 
except that during Step B (Capsule Forma- 
tion and Dehydration), the pineapple aroma 
capsule composition (A) was sprayed into 

60 an air space above the polyethylene glycol. 
The sprayed particles were allowed to fall 



into agitating polyethylene glycol. The cap- 
sules recovered were of a fairly uniform size, 
small, and nearly spherical. 

WHAT WE CLAIM IS:— 65 

1. A process for encapsulating (as here- 
inbefore denned) an active material in a 
matrix composition comprising: 

(A) forming a capsule composition by 
dispersing the active material and the matrix 70 
composition in a solvent for the matrix 
composition; 

(B) forming the capsule composition into 
discrete liquid particles each containing the 
active material as a. dispersed phase in a 75 
solution of the matrix composition; and 

(C) removing the solvent from the dis- 
crete particles thus formed by contacting the 
particles with a polyglycol having an average 
molecular weight of 106 to approximately 80 
2000, whereby the said particles are trans- 
formed into solid capsules. 

2. The process of claim 1 in which the 
active material is a liquid. 

3. The process of claim 1 in which the 85 
active material is a solid. 

4. The process of claim 1, 2 or 3 in 
which the active material is soluble in the 
matrix composition. . 

5. The process of any preceding claim yu 
in which the active material is soluble in' the 
solvent. 

6. The process of any of claims 1 to 4 in 
which the active material is insoluble in the 
matrix composition and the solvent. 95 

7. The process of any preceding claim 
in which the active material is a food flavour, 
an aroma additive, an agricultural chemical, 
or a medicinal compound. 

8. The process of claim 7 in which the 100 
active material is lemon oil. 

9. The process of claim 7 in which the 
active material is citric acid. 

10. The process of claim 7 in which the 
active material is caffeine. 105 

11. The process of claim 7 in which the 
active material is ammonium ascorbate. 

12. The process of claim 7 in which the 
active material is calcium oxide. 

13. The process of claim 7 in which the 110 
active material is pineapple aroma. 

14. The process of any preceding claim 
in which the matrix composition .is water- 
soluble. , 

15. The process of any of claims 1 to 13 US 
in which the matrix composition is insoluble 

in water. 

16. The process of claim 14 in which the 
matrix composition is a water soluble natural 
gum, starch, cellulose compound, protein, 120 
sugar or synthetic polymer. 

17. The process of claim 16 in which 
the matrix composition is dextrin. 

18. The process of claim 14 in which the 
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matrix composition is an alkali metal or 
ammonium caseinate. 

19. The process of claim 14 in which the 
matrix composition is a mixture of sodium 

5 caseinate and dextrin. 

20. The process of claim 14 in which 
the matrix composition is casein. 

21. The process of claim 16 in which the 
matrix composition is gum acacia. 

10 22. The process of claim 15 in which the 
matrix composition is an asphalt 

23. The process of any preceding claim 
in which the matrix composition comprises 
an anti-oxidant, and/or a preservative and/ 

15 or a surfactant, and /or a plasticizer. 

24. The process of any preceding claim 
in which the polyglycol is a polyethylene 
glycol or methoxypolyethylene glycol. 

25. The process of claim 24 in which the 
20 polyglycol has an average molecular weight 

between 190 and 785. 

26. The process of claim 25 in which the 
polyglycol is a polyethylene glycol having an 
average molecular weight between 190 and 

25 630. . 

27. The process of claim 25 in which 
the _ polyglycol is a methoxy polyethylene 
having an average molecular weight between 
335 and 785. 

30 28. The process of any preceding claim 
in which the polyglycol contains an anti- 
oxidant, and/or a fungicide and/or a bac- 
tericide and /or a dye and /or a pigment. 

29. The process of any preceding claim 
35 in which the capsule composition is formed 

by dispersing the active material in a solu- 
tion of the matrix composition. 

30. The process of any preceding claim 
in which the capsule composition is dispersed 

40 as particles in a viscous white mineral oil 
in which the capsule composition forms dis- 
crete particles before the said composition 
is dispersed in the polyglycol, and in which 
process the polyglycol contains a sufficient 

45 quantity of a mutual solvent for the mineral 
oil and the polyglycol to render the mineral 
oil and the polyglycol at least partially com- 
patible. 

31. The process of claim 30 in which 
50 the capsule composition is dispersed in the 

mineral oil by spraying. 

32. The process of any of claims 1 to 29 
in which the capsule composition particles 
are formed by spraying the capsule com- 

55 position. 

33. The process of claim 32 in which 
the capsule composition is formed into the 
said particles and the solvent is removed 
from the matrix composition simultaneously 



by spraying the solution or suspension formed 60 
in step (A) into the polyglycol. 

34. The process of claim 15 or any of 
claims 16 to 33 as dependent on claim 15, 
in which the active material is water soluble, 

the matrix composition is water insoluble, 65 
and the solvent is organic. 

35. The process of claim 34 in which the 
active material is a solid which is treated 
prior to encapsulation to reduce the surface 
tension between the matrix composition and 70 
the solid. 

36. The process of claim 35 in which the 
active material is calcium oxide and the 
matrix composition is an asphalt. 

37. The process of claim 36 in which 75 
the calcium oxide is contacted with iron dis- 
learate before encapsulation. 

38. The process of any preceding claim . 
in which the capsules are recovered from 

the polyglycol by centrifugation. 80 

39. The process of any preceding claim 
■in which the substantially solid capsules are 
recovered from the polyglycol and washed 
with a solvent for the said polyglycol to 
remove any polyglycol adhering. 85 

40. The process of any preceding claim 
in which the capsules, after recovery from 
the polyglycol, are coated with stearic acid. 

41. The process of any preceding claim 

in which the weight ratio between the capsule 90 
composition and the polyglycol is between 
1:5 and 1:30. 

42. The process of claim 41 in which 
one part by weight of capsule composition 

is dispersed in 10 parts by weight of a glycol. 95 

43. The process of any preceding claim 
in which the solvent is employed in an 
amount of from about 20% by weight to 
about 90% by weight based on the total 
weight of the solvent and the matrix com- 100 
position. 

44. The process of any preceding claim 
in which the solvent is trichloroethylene. 

45. The process of any preceding claims 
substantially as hereinbefore described or as * 05 
illustrated in the Examples. 

46. A capsule matrix, whenever prepared 
by the process of any preceding claim. 

47. A capsule which is a discrete unit 
comprising an active material in a matrix HO 
of a matrix composition, and having a film 

of a polyglycol with an average molecular 
weight of 106 to approximately 2000 on its 
surface, the matrix composition being soluble 
in water but substantially insoluble in the 115 
polyglycol. 

48. The micro-capsule of claim 47 in 
which the active material is soluble in water 
and in polyglycol. 
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49. The micro-capsule of claims 47 or 48 
substantially as hereinbefore described or 
specifically exemplified. 

50. The micro-capsule of claim 47, 48 or 
49 whenever prepared by the process of any 
of claims 1 to 45. 
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